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II.  THE  METABOLIC  INFLUENCE  OF  COPIOUS  WATER  ]DRINKING 
WITH  MEALS. 
BY C. C. FOWLER AND P. B. HAWK. 
(From the Laboratory  of Physiological  Chemistry  o~ the  University  o/Illinois.) 
INTRODUCTION. 
Although there  have  been  many  investigations  made  upon  the 
influence of copious water drinking,  2 yet nowhere,  in so  far as  we 
have been able to discover from a careful study of the literature, has 
there been  made a  carefully conducted experiment or  series  of ex- 
perinaents upon human subjects for the purpose of obtaining data as 
to  the  effect of the  copious  ingestion of  water  with  meals.  The 
reason why our literature contains records of no such experiment is 
not far to seek.  The medical profession almost unanimously advise 
strongly against the  drinking of  large  amounts  of  water  at  meal 
time.  The  desirable  features  following the  liberal  use  of  water 
taken at the proper  time are  thoroughly appreciated,  but  any sug- 
gestion as  to  the taking of water  in  large  quantity with  meals  is 
strongly antagonized.  Such being the attitude of the medical pro- 
fession, it has therefore been a natural consequence that those inter- 
ested  in  the  study of  medical  problems  should  fail  to  attempt to 
place  the  theory  upon  an  experimental  basis.  Why  investigate 
something which is self evident!  At first thought, the present day 
theory as to the inadvisability of ingesting large volumes of water 
with meals  sounds extremely reasonable.  The  principal  objection 
to the copious  ingestion of the fluid is  based  upon the  supposition 
that the excess water dilutes the gas,tric juice and thus  disturbs  to 
1Reported before the section on Pathology and Physiology of the American 
Medical Association, Atlantic City, June, 19o9.  Received for publication Janu- 
ary 20,  IgTO. 
2  For literature and the first article in the series see Hawk, Univ.  of Pem~syl- 
vania  Med. Bull.,  I9o5, xviii, 7- 
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a  marked  degree  the  normal  rhythnl  of  the  digestive  functions. 
However we can no longer entertain  the old belief that  such  is the 
case.  The  experiments  recently  reported  by Foster  and  Lambert  a 
indicate  most  convincingly  that  the  entrance  of  water  into  the 
stomach  does not  produce  a  dilute  gastric  juice of lowered  acidity 
but  rather  that  the  entrance  of this  fluid acts as a  distinct  stimula- 
tion to the gastric secretion and that  the juice, although  secreted in 
larger  volume  than  previous  to  the  entrance  of  the  water,  never- 
theless  shows  a  higher  concentration  of  acid  than  does  that  juice 
which is secreted under ordinary conditions. 
In the experiment  we are  about to report  the  subject was placed 
on  a  normal,  constant  diet,  and  by means  of  a  preliminary  period 
of  sufficient  length,  was  brought  to  a  condition  of  approximate 
nitrogen  equilibrium.  At  that  point,  I,ooo  cubic  centimeters  of 
water was added to each meal and continued thus  through  a  period 
of five days.  Immediately following this period came a final period 
of  eight  days  during  which  the  original  normal  constant  diet  was 
again  maintained  and  the  after  effects of the  copious water  inges- 
tion  observed. 
The  urine  was  collected  in  twenty-four-hour  samples  while  the 
feces was  collected  in  period  samples.  The  foods with  the  excep- 
tion of milk,  were analyzed before the experiment began,  after first 
preparing  a  satisfactory  sample  of  each  of  the  foods  to  be  used. 
The milk was analyzed at frequent intervals  during the experiment. 
Thus accurate knowledge of the income and outgo of nitrogen  was 
obtained  and  reliable  conclusions  made  possible. 
DESCRIPTION  OF EXPERIMENT. 
Subject,  Daily  Schedule  and  Diet.--The  subject  of  this  experiment  was  a 
young  man  twenty-two  years  of  age,  weighing  at  the  commencement  of  the 
experiment  71.69  kilograms. 
The  daily  schedule  for  the  preliminary  and  final  periods  of  the  experiment 
was  as  follows: 
6:3o  a.m.  Arose,  defecated,  weighed. 
7:3o  a.m.  Breakfasted  (lOO  cubic centimeters  of  water with  meal). 
Io:oo  a.m.  2oo cubic centimeters  of  water taken. 
12:3o  p.m.  Noon  meal  (Ioo  cubic centimeters  of  water  with meal). 
3:3o  p.m.  2oo  cubic centimeters of  water  taken. 
6:15  p.m.  Dinner  (IOO  cubic  centimeters  of  water  with  meal). 
8:3o  p.m.  2oo cubic centimeters  of  water  taken. 
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On the days of the increased water ingestion, IO0O cubic centimeters of water 
was  added to  each  of the three  meals.  Tiffs additional  water  was  to  be  drunk 
throughout  the  progress  of  the  meal,  care  being  taken  to  masticate  the  food 
properly. 
The  articles  of  diet  were  butter,  peanut-butter,  whole  milk,  soda  crackers, 
corn-flakes and  sugar, 25  grams of butter, 20  grams of peanut-butter, 400  grams 
of  whole  milk,  IOO  grains  of  soda  crackers,  25  grains  of  corn-flakes,  and  12 
grains  of  sugar constituting the menu for one meal.  Each meal of the day  was 
absolutely  identical  with  the  others,  and  thus  was  procured  an  absolute  uni- 
formity  of  diet  throughout  the  entire  experiment.  The  daily  diet  contained 
I4.654  grams  of  nitrogen. 
The  water  used  in  the  experiment was  from  the  regular  University  supply. 
This  water analyzed  as  follows:4 
ANALYSIS  OF  WATER  FRO.XI UNIVERSITY  OF  ILLINOIS  WATER  SUPPLY. 
Ions. 
Potassium, 
Sodium, 
Ammonium, 
Magnesium, 
Calcium, 
Iron, 
Aluminium, 
Nitrate, 
Chlorine, 
Sulphate, 
Silica, 
Parts pet" 
million. 
K  2.6 
Na  29.0 
NH~  2. 3 
Mg  34.9 
Ca  7  o. I 
Fe  I.o 
AI  1. 3 
NOa 
C1  31 
SO  4  2.3 
SiO  2  18.9 
Hypothetical combinations. 
Potassium nitrate,  KNO  a 
Potassium chloride,  KC1 
Sodimn chloride,  NaC1 
Sodium sulphate,  Na~SO  4 
Sodimn carbonate,  Na~CO  s 
Ammonium carbonate,  (NH,)2CO  s 
Magnesium carbonate,  MgCO  a 
Calcium carbonate,  CaCO  a 
Iron carbonate,  FeCO  a 
Alumina,  AI~O  a 
Silica,  SiO2 
Total, 
Parts pet"  Grains 
million,  per U. S. 
gallon. 
I. I  0.06 
2. 9  o.I 7 
3-5  o.2o 
3.6  o.2i 
60.5  3.52 
6.1  0.36 
121.2  7.07 
175.2  lO.22 
2. I  O. 12 
2. 5  O.I 5 
18. 9  I.IO 
397.6  23.18 
Before  using  this  water  it  was  softened by  adding  to  30  liters,  5  liters  of 
saturated  lime  water?  After  settling,  the  water  was  filtered  and  used.  The 
alkalinity  of  this  water  was  70  to  phenolphthalein  and  I8O  to  methyl  orange. 
Its  hardness determined by soap  solution was 92  parts  per  million. 
Collection of Urine and Feces.--The experimental day extended from 7 a.  m. 
to 7 P. m.  If possible, the  subject defecated each morning before breakfast and 
then  immediately  determined his  body  weight,  without  clothes.  This  schedule 
was  followed carefully  every  day  throughout  the  experiment.  It  is,  therefore, 
obvious  that  each  day  was  begun  under  uniform  conditions,  so  far  as  it  was 
possible to control them. 
The feces was collected in period samples.  To  secure satisfactory differentia- 
tion of the feces of one period from the feces of the following period, a  gelatin 
capsule containing about  0.2  gram  of  powdered charcoal  was taken  just  before 
Bartow  and  Lindgren,  Chemical  and  Biological  Survey  of  the  Waters  of 
Illinois,  Univ.  of Illinois Bulletin,  19o8, vi,  33- 
5 For the preparation and  testing of  this  water we  are  indebted to  Mr.  L.  I. 
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breakfast  of  the first  day  of the  new  period.  This powdered  charcoal  formed  a 
more  or  less  regular  black  mass  in  the  fecal  matter  and  thus  rendered  the 
separation  of  the  feces  of  the  one  period  from  that  of  the  succeeding  period  a 
comparatively  simple matter. 
Methods  of  Analysis?--In  the  urinary  analysis  the  following  methods  were 
used : 
I.  Total  nitrogen:  Kjeldahl  method. 
2.  Urea:  Benedict  and  Gephart  method. 
3.  Ammonia:  Folin  method. 
4.  Creatinine:  Folin  method. 
5.  Creatine:  Folin-Benedict  method. 
In  the  quantitative  determination  of  the  fecal  bacteria,  the  method  of 
Strasburger,  ~  as  modified  by  Dr.  Ward  J.  MaeNeal  of  this  University,  was 
employed? 
DISCUSSION OF RESULTS. 
Excretion  of  Nitrogen--The  nitrogen  content  of  the  urine  for 
the fifth day of the preliminary period was  13.o84  grams,  and  for 
the sixth  day,  13.183  grams.  The  elimination of nitrogen by the 
urine being so very uniform for these two  days, signifying that  a 
satisfactory plane had been  reached and that  nitrogen  equilibrium 
was  fairly well established,  3,ooo  cubic centimeters of water were 
added to the diet, on the following day, the seventh of the experi- 
ment,  I,OOO cubic  centimeters being  taken  during the progress  of 
each meal.  The effect of this large addition to the amount of water 
taken was seen immediately not only in the very low specific gravity, 
of the increased volume of urine,  but  also  in the marked increase 
in the nitrogen excretion for the day.  This large amount of water 
was  taken, as we have seen, when the body was  in  a  condition of 
approximate  nitrogen  equilibrium  and  excreting daily  an  average 
of 13.134 grams of nitrogen by the urine.  Table I  shows that this 
average excretion of nitrogen for the preliminary period was greatly 
increased by the drinking of 3,ooo  additional  cubic centimeters of 
water, and that the first day of the water period showed an excre- 
tion of  14.161  grams of nitrogen by the urine, an increase of 1.o27 
grams or 7.82 per cent.  (Table III), above the average elimination 
of the preliminary period.  The excretion of nitrogen by the urine 
on the second day of the water period, while not so great as that of 
'Hawk,  Practical  Physiological  Chemistry,  2d  edition,  Philadelphia,  19o9, 
PP.  379-393. 
7 Strasburger,  Zeit.  f.  klin.  Med.,  19o2,  xlvi,  413. 
8 MacNeal,  Latzer  and Kerr, Jour.  of Infect.  Dis.,  I9o9,  vi,  123. 392  Studies  on  Water  Drinki~g. 
the first day, was still in excess of the average normal output of the 
preliminary  period.  Here,  with  the  addition  of  3,ooo cubic centi- 
meters  of water to the  constant diet at meal  times,  we obtained  an 
excretion of 13.491  grams of nitrogen,  this being o.357 gram above 
the  average  daily  excretion  for  the  preliminary  period.  On  the 
next  two  days  of the  water  period,  the  nitrogen  excretion  by the 
urine  fell slightly below normal  being  I2,98I  grams  for the  ninth 
day and  12.976 grams  for the  tenth  day.  Oll  the eleventh  day of 
the experiment,  however, the final day of the water period,  the ex- 
cretion was  found  to be  13.138 grams,  which  is approximately  the 
same as that of the last two days of the preliminary period.  Hence 
we  see,  by  referring  to  the  data,  that  a  daily  addition  of  3,ooo 
cubic  centimeters  of  water,  to  a  constant  diet,  caused  a  total 
increase  of  1.o77 gram  of nitrogen  for the  period  (Table  IV). 
On  the  twelfth  day  of  the  experiment,  the  final  period  of  the 
investigation  was begun.  The  diet  of this  day,  as well as  that  of 
the  seven  succeeding  days  was  the  same  constant  diet  as  that  fed 
during  the  preliminary  period.  This  diet  on  the  first  day  of  the 
new normal  period gave an excretion of  11.823  grams  of nitrogen 
as  compared  with  the  average  daily  excretion  of  13.134  grams  of 
nitrogen  of  the  preliminary  period.  This  showed  a  decided  de- 
crease in the excretion of nitrogen,  being  1.3I I  gram  less than  the 
normal  excretion  of the  preliminary  period  and  1.526  gram  lower 
than the average excretion  for the water period.  On the thirteenth 
day there was a  slight  increase of O.Ol 3 gram  in the excretion,  but 
on the  fourteenth  there occurred  a  rise of over one gram.  On the 
last  three  days  of  the  final  period  the  excretion  had  practically 
returned  to  normal  again,  the  seventeenth  day  showing  an  excre- 
tion  of  13.o3o grams,  while  the  excretions  of  the  eigthteenth  and 
nineteenth  days were respectively  12.9o 5 grams  and  13.16o grams, 
the  average  of these three days giving us a  value of  13.o32  grams 
as compared to the average output of 13.134 grams per day for the 
last two days of the preliminary period.  This indicates very clearly 
that  the  original  condition  of  nitrogen  elimination  by  the  urine 
which existed before the ingestion of the large volume of water had 
been re6stablished.  Therefore,  it is evident that the effect upon the 
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of water to the diet during meal time may be  measured by taking 
into  consideration all  the  daily  excretions  of  nitrogen  from  the 
first day of the water period until the original conditions were re- 
established upon the seventeenth day of the experiment.  By refer- 
ring  to  Tables  I  and  IV  we  see  that  the  total  increase  in  the 
excretion of nitrogen during the water period was  1.o77 grams, all 
occurring on the first day of increased water ingestion.  Also  we 
may  see  that  in  the  final  period  before  the  subject  returned  to 
equilibrium again,  there was  a  total  decrease in  the  excretion of 
nitrogen amounting to 5.123  grams of nitrogen.  Now subtracting 
1.o77  grams  from  5.123  grams we find that  there was  a  gain of 
4.o46  grams  of  nitrogen,  judging  from  the  urinary  data  alone. 
(See later  discussions of income and outgo  of nitrogen, p.  4oo.) 
Excretion  of  Urea.--In general, the variations in the urea con- 
tent of the urine  followed very closely the  variations  in  the total 
nitrogen.  It  is  interesting to  note,  however, that  the percentage 
of  total  nitrogen  which  appeared  as  urea  (Table  II)  decreased 
from  88.95  per cent. on the first day of the water period to 85.86 
per cent. on the second day of the water period, from which day to 
the  end  of  the  period there was  an  increasing percentage of  the 
total  nitrogen  excreted as  urea. 
These  decreased  excretions  of  urea-nitrogen  mentioned  above 
were  accompanied by  increased  excretions  of  ammonia-nitrogen. 
We believe the decrease in the urea output during these first days 
of the water period and the accompanying increase in the ammonia 
output to be due directly to the  fact that the water stimulated the 
flow  of  gastric  juice.  The  reasons  for  this  belief  are  fully dis- 
cussed in the  following paragraph. 
Excretion  of  Ammonia.--The  average  excretion  of  ammonia- 
nitrogen for the last two days of the preliminary period was 0.337 
gram,  or  2.56  per  cent.  of  the  total  nitrogen excretion.  On  the 
first  day  of  the  water  period  the  ammonia  content  of  the  urine 
increased  (Table  III)  and  remained higher  for  the  whole  water 
period.  The average daily increase in  ammonia-nitrogen for  the 
water period was o.159  gram, or an increase above the ammonia- 
nitrogen of the preliminary period of 47.I8  per cent.  (Table IV). 
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above that of the preliminary  period seems to us capable of but one 
interpretation.  It  has  been  demonstrated  that  increased  water  in- 
gestion  stimulates  the  flow of gastric  juice  and  that  the  increased 
volume  of  juice  also  possesses  a  higher  concentration  of  acid. 9 
It  is apparent,  therefore,  that  the hydrochloric acid above that  used 
for digestive purposes is absorbed,  forms ammonium  chloride  with 
a  certain  portion  of the  ammonia  resulting  from the  protein  cata- 
bolism,  and  is  excreted  in  this  form  in  the  urine.  The  ammonia 
content  of the  urine  is  consequently  raised  and  there  is  an  accom- 
panying decrease in the output of urea-nitrogen,  since the ammonia 
used  in  neutralizing  the  excess  hydrochloric  acid  would  in  the 
ordinary  digestive  cycle appear  in  the  urine  as  urea.  Proof  that 
excess hydrochloric acid may thus  increase the ammonia  output has 
been  furnished  by  Walter2 °  This  investigator  administered  the 
acid to  dogs  and  observed that  about  three-fourths  of  it  was  neu- 
tralized  by  the  ammonia  in  the  body  whereas  the  major  portion 
of the  remaining  one-fourth  contributed  toward  the  acidity of the 
urine. 
E.rcretion  of  Creatiuine.--The  fact that  the  creatinine  excretion 
was uniformly lower during the period of increased water ingestion 
than  it  was  during  the  preliminary  period  rather  substantiates  the 
opinion that the increased nitrogen  excretion accompanying copious 
water  ingestion  is  due,  at  least  in  part,  to  increased  protein  cata- 
bolism. 11  At  any  rate  we  may  thus  interpret  this  observation,  if 
we accept the view of Lefmann  ~2 that  increased protein  catabolism 
produces  a  decrease  in  the  creatinine  excretion.  Our  data  also 
furnish  definite  verification  of  the  finding  of  Lefmann,  and  of 
Levene and Kristelle? 3 to the effect that  decreased creatinine  elimi- 
nation  is accompanied by an increased  ereatine output.  An exami- 
nation  of  Table  I,  will  demonstrate  this  statement.  No  creatine 
was present in the urine until the low creatinine  output of the water 
period  was  observed.  This  subject  is  more  fully  discussed  on  a 
later  page. 
Foster  and Lambert, loc.  cir. 
i0 Walter, Arch. f.  exper.  Path.,  1877, vii, 148. 
11 Hawk, loc.  cit. 
12 Lefmann, Zeit.  f.  physiol.  Chem.,  19o8, lvii, 476. 
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In  this  connection data  regarding the  " creatinine coefficient-14 
are  of  interest.  This  coefficient  is  the  milligrams  of  creatinine- 
nitrogen per kilogram of body weight.  As we have just seen, the 
creatinine  excretion  was  decreased  through  the  influence  of  the 
copious  intake  of  water.  This  fact  would  tend  to  lower  the  co- 
efficient.  At  the same time also,  the body weight was  increasing, 
thus working toward a  further lowering of the coefficient.  Calcu- 
lating this value for the three periods, we find that the coefficient of 
8.89  obtained  during  the  prelimihary period  was  reduced to  8.36 
during  the  water  period  (Table  VII).  The  entire  final  period 
yields a  coefficient of 8.7o whereas the final day of the experiment 
gives us a  value of 8.88  which is  practically the same as the coeffi- 
cient  of  the  preliminary  period.  The  lower  coefficient  (8.7o) 
obtained when the data of the whole period are taken into  account 
is due to the fact that the low  daily creatinine output instituted in 
the water period was continued during the first portion of the final 
period.  Notwithstanding the lower coefficient of the water period, 
the muscular efficiency of the subject was  apparently not  lessened. 
Excretion of Creatine.--Simultaneously  with the ingestion of the 
large  quantities  of  water,  creatine  appeared  in  the  urine.  The 
amount  of  creatine  excreted  varied  considerably  on  the  different 
days, but it continued to appear on each day of copious water drink- 
ing  as  well as  on  each of the first three days  of the  final period. 
The daily excretion of creatine-nitrogen for the water period ranged 
from 0.024  to  o.128  gram,  the maximum output  being  registered 
during the final day of the increased water ingestion.  The average 
daily excretion of creatine-nitrogen for the entire water period was 
o.o74 gram (Table IV), or o.56 per cent. of the total nitrogen out- 
put.  On the fourth day of the final period during which the 3ooo 
cubic centimeters of water was eliminated from the diet, the creatine 
failed to appear and no trace of it could be found in the urine dur- 
ing  the  rest  of  the  experiment. 
The  appearance  of  creatine in  the  urine  under  the  influence of 
copious water drinking is a most significant feature, and apparently 
affords us a clue as to the actual source of at least a  portion of the 
increase  in  the  urinary nitrogen which  accompanies  the  ingestion 
'~ Shaffer,  American  Jour.  of Physiol.,  19o8,  xxiii,  I. 39t;  ,S'tl,dies  on  Water Drinking. 
of excessive quantities  of water.  As is well known,  there  are  two 
hypotheses as to the source of this increase in the nitrogen output) 5 
One  view  asserts  that  the  increase  is  due simply to a flushing-out 
process,  thus  removing  the  nitrogenous  end-products  of previously 
disintegrated  tissues.  The  other  view  is  to  the  effect  that  this 
increased  output of nitrogen  results  entirely  from  a  stimulation  of 
protein  catabolism.  According  to  this  view,  the  nitrogen  excess, 
instead  of being composed of nitrogenous  constituents  which  have 
resulted  from  some  previous  tissue  cleavage  and  have  not  yet 
been excreted because the volume of fluid ingested  was  insufficient 
to afford a  thorough  flushing of the  tissues,  is  due to protein  cata- 
bolism  promulgated  through  the  agency  of  the  increased  water 
ingestion. 
In  all  the  investigations  upon  the  influence  of  water  drinking, 
made  up to  this  time,  there  have  never  been  obtained  any  experi- 
mental  data,  so  far  as  we  are  aware,  which  place  either  of  these 
hypotheses upon a firm foundation.  However, in the present inves- 
tigation .our creatine  data  give us an  indication  as  to the  origin  of 
at  least  a  portion  of the  excess nitrogen  excreted  under these  con- 
ditions.  No  urine  of  the  preliminary  period  contained  creatine, 
but as soon as the three liters of water was daily added to the diet, 
creatine at once appeared.  It is probable that the creatine appeared 
because of the partial  or complete disintegration  of muscular tissue. 
We believe that  the  muscular tissue yielding the creatine  could not 
by any chance have been disintegrated  previous  to  the  entrance  of 
the large amount  of water  into the  organism.  We base our belief 
upon  the  fact  that  creatine  is  not  a  constituent  of  normal  urine. 
Therefore,  it appears  to us entirely outside the  reahn  of possibility 
that  each  of  the  nitrogenous  end-products  of  muscle  disintegra- 
tion should be excreted under normal conditions, except the creatine, 
and  that  the  latter  should  remain  behind  and  make  its  appearance 
only  when  an  unusual  flushing  occurs.  The  creatine  was,  there- 
fore,  at  least  in  part,  derived  from  muscular  tissue  which  was 
wholly or in part disintegrated  under the  influence of the  ingestion 
of the  excessive amounts  of  water. 
The observations of Lefmann,  as before mentioned,  are  of inter- 
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est  in  connection  with  our  creatine  and  creatinine  data.  This 
observer concludes that  increased  protein  catabolism produces,  first 
an increase, then a decrease in the creatinine excretion.  He further 
states  that  when the  decreased creatinine  output  appears  that  there 
is  an  accompanying  increase  in  the  creatine  output.  Reference to 
Table I  shows this latter point very clearly in the case of our water- 
drinking  experiment.  On the  second day of the  water period,  the 
creatinine  output  was  o.616  gram  and  the  creatine  output,  o.o24 
gram.  On  the  following  day,  however,  under  the  influence  of 
the added water the creatinine excretion fell to o.589 gram and coin- 
cidentally  the  creatine  excretion  increased  to  O.lO2  gram.  These 
conditions regarding the output of these two substances were almost 
exactly  duplicated  on  the  two  following  days,  i.  e.,  we  observe  a 
creatinine  output  of o.6o8 gram  accompanied by a  creatine  output 
of  o.o55  gram,  which  are  followed  on  the  succeeding  day  by  a 
decrease in creatinine  to 0.589 gram and an accompanying increase 
in creatine,  the output being the maximum creatine excretion of the 
experiment.  These  findings  correspond  with  Lefmann's  observa- 
tions.  We did not observe any increase in the creatinine  excretion 
at  the  outset  of  the  period  of  increased  protein  catabolism,  as  he 
suggests.  On the contrary, the creatinine  output was low through- 
out the water period and the normal  rate of output  for this urinary 
constituent was not assumed again until  the  fourth day of the final 
period. 
Origin of Excreted Creatine.--If we consider the creatine output 
as  representing  disintegration  of muscular  tissue,  we are met  with 
the  fact  that  the  increased  output  of  nitrogen  during  the  water 
period accounts  for less than  one-fourteenth  of the  nitrogen  which 
should have  resulted  from the  disintegration  of  sufficient muscular 
tissue to have yielded the total  creatine  output.  We arrive  at  this 
conclusion  from the  following calculation.  The  total  excretion  of 
creatine-nitrogen was 0.463 gram, which is equivalent to 1.45 grams 
of  creatine.  Supposing human  muscle to  contain  0. 3  per  cent.  of 
creatine,  we  find  that  the  disintegration  of  483  grams  of  muscle 
would be necessary  to  liberate  1.45  gram  of  creatine.  However, 
considering  muscle to  contain  20  per  cent.  of  protein  material  we 
see  that  the  disintegration  of  this  483  grams  of  muscle  would 398  Steadies  on  Water  Dr  S~king. 
increase the output of total nitrogen I5.456 grams.  Now our data 
from the water period show that this increase was only I.O79  gram. 
In other words,  I4.377 grams or 93  per  cent.  of the  I5.456  grams 
is  unaccounted  for.  The  explanation  of  this  preponderance  of 
creatine above the total nitrogen output may indicate that the  cre- 
atine  is  held  in  such  a  combination  within  the  muscle  as  to  be 
released and excreted through the influence of factors which are not 
sufficiently  active  to  cause  complete  muscular  disintegration,  as 
measured by total nitrogen output.  We may logically infer, I  take 
it,  that  three  liters  of  water  coursing through the  body may well 
cause some such  slight metabolic phenomenon as  that necessary to 
account for the appearance of this creatine in the urine for a  short 
period.  That  the  usual  metabolic  rhythm  is  soon  reestablished, 
however, is indicated by the fact that creatine no longer appears  in 
the urine as soon as the volume of urine excreted has been reduced 
to  that  customarily voided. 
Dorner  16  has  given  us  evidence  that  creatine  may  be  released 
from a muscle in some such way as that suggested above.  Whereas 
the normal content of ereatine for rabbit muscle is  from o.428 per- 
cent  to  o.456  per  cent.,  he  found that  sufficient ereatine  could  be 
removed through starvation to reduce the creatine content to o.356 
per  cent. 
5{ellanby  17 has also suggested a  similar incomplete muscle break- 
down  followed by  a  nitrogen  excretion  which  was  inadequate  to 
account for the complete disintegration of sufficient muscular tissue 
to have yielded the total ereatine output.  However, in the case of 
carcinoma cited by him, the conditions were not so  striking as  are 
those of our experiment, inasmuch as  Mellanby could  account  for 
about  one-half of the  excreted  nitrogen,  whereas  we  can  account 
for less than one-fourteenth on the basis  of the creatine excretion. 
From among the maze of hypotheses surrounding the metabolic 
relations  of  creatine  and  creatinine,  we  are  unable  to  select  one 
which seems more applicable in this connection than the one above 
mentioned.  The  fact  that  coincidently  with  the  appearance  of 
creatine  in  the  urine  there  was  noted a  decrease  in  the  output  of 
~" Dorner,  Zeit. f.  physiol.  Chem.,  19o  7, lii,  225. 
~T Mellanby,  Jour.  of Physiol.,  19o8,  xxxvi,  447. C.  C.  Fowler  and  P.  B.  Hawk.  399 
creatinine  is  aft  observation  which  might  perhaps  be  interpreted 
as  indicating  that  these  two  substances  have  a  common  origin, is 
and  that  they  represent  two  phases  in  the  metabolism  of  a  single 
substance. 
From  another  standpoint  we  may  consider  that  creatine  repre- 
sents  a  metabolic  product  which  is  formed  in  the  liver  19  or  other 
organs  and  under  ordinary  conditions  is  carried  to  the  muscle and 
deposited.  Creatinine  then  results  from  a  part  of  the  deposited 
creatine  and  is  excreted.  However,  when  the  equilibrium  of  the 
metabolic cycle is disturbed,  as it may very well be conceived to be 
when  three  liters  of  water  above the  volume  usually  ingested  are 
introduced  into  the  body  during  a  period  of  twelve  hours,  the 
creatine  is  in part  excreted without  first passing  to  the  muscle  for 
deposit.  At  the  same  time,  the  creatinine  output  would  decrease 
because  insufficient  creatine  had  been  deposited  in  the  muscle  to 
furnish  the  requisite  amount  of  creatinine  to  yield  the  normal 
output. 
Again let us consider creatinine  as the original  substance formed 
in  the  liver. 2°  Under  ordinary  conditions  part  of  this  creatinine 
is  transformed  into  creatine  and  stored  in  the  muscle.  We  can 
easily  conceive  in  this  connection  that  the  flooding  of  the  body 
with  three  liters  of  water  may  so stimulate  the  transformation  of 
creatinine  into creatine  as to yield a  lessened output of the  former 
and  an  increased  output  of  the  latter,  considering  the  mechanism 
of  the  muscle  as  inadequate  to  cope  with  the  unexpected  rush  of 
creatine. 
Doubtless  some  individuals  will  look  upon  the  appearance  of 
creatine  in the urine under  the  influence of copious water drinking 
as indicating  that  the water has had  a  pernicious  influence.  How- 
ever, we do not believe that our data will permit  of any such inter- 
pretation.  The careful and  accurate investigation  of the metabolic 
relations  of creatine and creatinine is of comparatively recent birth. 
The mere fact that urinary  creatine has  always been a  pathological 
token  is  no  criterion  that  the  normal  human  body may  not be  so 
~SLevene and  Kristeller,  loc.  cit.;  Lefmann,  loc.  cir. 
19 Mendel, Science,  I9O9, xxix,  584. 
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manipulated  by  normal  means  as  to  yield  creatine  in  the  urine. 
It would seem rather illogical to us to call a  condition pathological 
when  its  only  deviations  from  the  so-called  normal  are  (a)  in- 
creased flow of digestive juices,  (b)  decreased output of feces,  (c) 
decreased excretion of  fecal nitrogen,  both  bacterial  and  non-bac- 
terial,  (d)  better digestion of protein constituents of the diet,  and 
(e)  increased body weight. 
INCOME  AND  OUTGO  OF  NITROGEN. 
Data for the income and outgo of nitrogen are given in Table VI. 
Protein catabolism was so stimulated during the water period as to 
cause  an  increased  output  of  urinary  nitrogen  amounting  to  an 
average of o.2I 5 gram per day.  The feces of this period, however, 
contained  but  o.973  gram  of  nitrogen  per  clay  as  against  1.358 
gram per day for the preliminary period.  Thus it is probable that 
more of the nitrogen of the ingested food was utilized by the body 
during  the  water period  (see  discussion,  p.  4o3).  The  nitrogen 
balance shows a  gain of 1.656 gram of nitrogen during this period 
of  five days,  or  a  daily gain  of  o.331  gram. 
That the tendency for the body to store nitrogen was not limited 
merely  to  the  time  during  which  large  amounts  of  water  were 
being  taken  is  shown  by  Table  VI.  During  the  final  period  of 
eight days, although the extra three liters of water which had been 
included  in  the  daily  menu  of  the  water period,  were eliminated, 
the  tendency to  store  nitrogen continued.  The  data  indicate  that 
9.246  grams of nitrogen were stored during an eight day interval, 
this being a daily gain of I.I56 gram.  The tendency to gain nitro- 
gen decreased as the period neared its  end, however, and the final 
day showed a gain of but o.45I  gram, a value which is nevertheless 
about  three times as great  as the nitrogen balance of the  last  two 
days  of  the  preliminary  period.  Evidently  the  ingestion  of  the 
large  amount  of  water  had  so  altered  certain  metabolic  relations 
as to  lead to  increased nitrogen storing activity. 
The point  in connection with the income and outgo of nitrogen 
which is  of the greatest practical interest is our observation of the 
pronounced decrease in  fecal nitrogen during the period  in  which 
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probable,  therefore,  that  the  protein  constituents  of  the  diet  were 
more economically utilized  during  the period  of extra  water  inges- 
tion  (see  further  discussion on p.  4o3).  This  finding is of partic- 
ular  interest when considered in connection with  the  recent investi- 
gation of Foster and Lambert. m  These investigators  worked with 
dogs  provided  with  the  Pawlow  pouch  and  demonstrated  conclu- 
sively that  when  water  was  added  to  the  diet,  there  was  a  much 
more  copious  flow  of  gastric  juice  and  that  this  gastric  juice 
possessed  a  higher  acidity  than  did  the  gastric  juice  which  was 
poured  forth upon a  similar diet minus  the water.  In other words, 
water stimulated very markedly the secretion of gastric juice.  Our 
results here  reported finish the cycle and  demonstrate  the  efficiency 
of this  increased outpouring of highly acid juice.  These two facts 
and  the  further  observation  that  there  was  an  increase  in  body 
weight  and  an  improvement  in  the  general  mental  and  physical 
tone of the subject are sufficiently important observations to indicate 
the  unquestionable benefits accompanying and  following the  drink- 
ing of large amounts  of water  with  meals. 
FECAL BACTERIA AND  NITROGEN. 
The  data  regarding  these  factors  are  shown  in  Table  VIII. 
The  method  used  for  the  quantitative  determination  of  the  fecal 
bacteria  was  a  modification  of  Strasburger's  method  proposed  by 
Dr.  MacNeal of our university,  as previously mentioned. 
The  conditions  surrounding  the  experiment  were such  as to pre- 
clude  the  examination  of  the  bacterial  content  of  each  individual 
stool.  MacNeal's  modification  of  Strasburger's  method  is  very 
accurate  but  at  the  same  time  it  is  exceedingly  time-consuming; 
therefore,  with the large amount  of chemical  work necessary to be 
done in connection with this  investigation  and  others  running  coin- 
cidently we were  unable  to  make  frequent  bacterial  examinations. 
The  data,  therefore,  as  given  in  Table  VIII  represent  the  results 
from  three  stools,  one  being  examined  during  the  preliminary 
period,  one  during  the  water  period  and  one  during  the  final 
period. 22  It  is  our  purpose  to  study  this  feature  farther  in  the 
Foster  and Lambert, lo¢. cit. 
We are indebted to Mr. H. W. Hochmeister for assistance in making these 
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near  future  and  to  make  an  examination  of  each  individual  stool 
Regarding  the  excretion  of  bacteria  in  the  feces  our  data  show 
that the daily output of dry bacteria was decreased under  the  influ- 
ence of the  copious water drinking.  This  fact is clearly shown by 
a  daily  excretion  of  5.3s7  grams  of  dry  bacteria  during  the  pre- 
liminary  period  as  compared  with  an  excretion  of  4.579  grams 
per day during  the  water period.  This  satisfactory change  in  the 
content  of  intestinal  bacteria  was  further  accentuated  in  the  final 
period  in  which  the  bacteria  value was  reduced  to an  excretion  of 
only 3.280 grams per day.  The bacteria constituted 2o.88 per cent. 
of  the  dry  feces  during  the  preliminary  period,  the  much  higher 
value  of  24.37  per  cent.  during  the  water  period,  and  they  then 
assumed  practically the  original  value  21.23  per  cent.  in  the  final 
part of the experiment.  The bacteria as isolated yielded very simi- 
lar nitrogen  values. 
Some  interesting  and  very  practical  conclusions  may  be  drawn 
from the data on fecal nitrogen.  They indicate that  the daily out- 
put  of  nitrogen  by way of  the  feces  was  1.358  gram  during  the 
preliminary  period,  and  that  under the influence of the  daily inges- 
tion of three liters  of water this  value was reduced  to 0.973  gram. 
Apparently then the ingestion of this  large amount of water caused 
a more economical utilization of the protein constituents of the diet. 
However  when  we  consider  our  bacteria  data  in  connection  with 
our total  nitrogen  data  we are  much more  impressed  with  the  effi- 
ciency  of  the  water  diet.  In  the  case  of  the  preliminary  period, 
for  example,  by  subtracting  the  bacterial  nitrogen  from  the  total 
nitrogen,  we  note  that  o.774  gram  of  nitrogen  of  non-bacterial 
origin  was excreted daily.  This  value was  reduced to 0.497 gram 
for the  water  period.  There  seems to  us but one  explanation  for 
this  condition  of  affairs.  Evidently  the  water  has  brought  about 
conditions  which  have  caused  a  more  rapid  digestion  and  absorp- 
tion  of  the  protein  constituents  of  the  diet.  This  is  borne  out 
by  the  data  showing  a  decrease  from  o.774  to  o.494  under  the 
influence  of  the  water.  There  being  less  nitrogenous  material 
present  in  the  intestine  during  the  water period,  naturally  the  bac- 
teria  could  not  develop as  satisfactorily  as  during  the  preliminary 
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excreted daily, an expectation which we have fully verified in show- 
ing that  o.584  gram of  this  form of  nitrogen was  excreted daily 
during the preliminary period as against an excretion of o.476 gram 
per  day  for  the water period. 
DIGESTION  AND  ABSORPTION  OF PROTEIN. 
During the preliminary period  (Table  V),  the  subject  excreted 
lO 5  grams  of  fresh  feces  per  day.  Under  the  influence  of  the 
water ingestion the daily output was reduced to 74 grams, whereas 
the final period showed a somewhat higher fecal output than during 
the water period,  but  at  the  same  time  one  which  was  somewhat 
lower  than  that  in  evidence during  the  preliminary period.  This 
value was  98  grams per day.  Calculated to  a  dry  feces basis  we 
find that 23  grams of dry feces were excreted per day during the 
preliminary period as against  17. 5 grams for the water period and 
2o.4 grams for the final period.  The dry matter in the feces was, 
therefore,  decreased  24  per  cent.  through  the  copious  water 
drinking. 
Not only do we find less  feces excreted during the water period, 
but  we observe,  as  one would expect, a  decreased nitrogen output 
also.  From a daily excretion of nitrogen amounting to  1.358 gram 
during  the  preliminary  period  the  daily  output  was  decreased  to 
o.973  gram during the water period.  In this connection it is inter- 
esting to  note that,  notwithstanding the  fact that  the dietary con- 
ditions  were the same during the final period as those which were 
in force during the preliminary period, the daily output of nitrogen 
was only 1.o43 gram, a  value decidedly lower than that of the pre- 
liminary period and not far removed from that of the water period. 
This  observation  seems  to  indicate  that  the  conditions  brought 
about through the drinking of the large amount of water were not 
simply temporary, but  that  they were maintained with  almost  full 
force throughout the portion of the experiment which followed the 
drinking  of  the  large  amount  of  water.  By  calculation  we  find 
that  the  daily  fecal  nitrogen  output  was  reduced  28. 3  per  cent. 
through the influence of the water ingestion,  whereas the  feces of 
the final period  showed a  nitrogen value 23.2  per cent. below that 
of the preliminary period. 
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excreted  dnring  the  water  period  contained  less  moislure  than  tile 
fecal  output  of  the  preliminary  period  (Table  V).  The  value  is 
78. I  per  cent.  for  the  preliminary  period  as  against  76.3  per  cent. 
during the time the large amount  of water was ingested.  In  other 
words, the water content of the  feces was inversely proportional  to 
the amount of water ingested.  If there was thus sufficient stinmla- 
tion  of  the  absorptive  forces  to  leave  less  water  unabsorbed  from 
an  ingestion  of  39oo  cubic  centimeters  than  ordinarily  occurred 
from an ingestion of only 9o0 cubic centimeters, it may well be that 
this  new  condition  of  affairs  was  also  instrumental  in  bringing 
about a more rapid and complete absorption of the protein digestion 
products. 
When we examine the data concerning  fecal bacteria,  we find an 
interesting  situation.  Table  VIII  shows  that  during  the  prelimi- 
nary  period  there  were  5.327  grams  of  dry  bacteria  excreted  per 
day,  whereas  during  the  water  period  the  daily  output  was  only 
4-579 grams.  The  water drinking  had,  therefore,  apparently  been 
instrumental  in  reducing  the  bacterial  content  of  the  feces  14  per 
cent.  per  day.  It  is  also  noteworthy  that  this  reduction  was  not 
temporary, inasmuch as a still  further reduction was obtained in the 
following  period  of  the  experiment.  As  was  to  be  expected,  the 
output  of  bacterial  nitrogen  followed  quite  closely  the  output  of 
fecal  bacteria,  and  registered  a  decrease  of  I8. 5  per  cent.  in  the 
water  period  below the  preliminary  period  value. 
In our opinion the data  from the  feces examinations  are  capable 
of  a  most  far  reaching  and  exceedingly  important  interpretation. 
Of course,  we appreciate  that  we  cannot  safely make  the  nitrogen 
content  of  the  feces  a  measure  of  food  utilization.  We  are  well 
aware that probably the larger portion of the non-bacterial nitrogen 
of feces is ordinarily made up of other material than  food residues. 
\Ve cannot, therefore, upon the basis of the total nitrogen data alone 
draw  perfectly safe conclusions  as  to the  economical  utilization  of 
the  ingested protein. 
Taking all factors into consideration, however, we believe that we 
are justified in drawing the conclusion that  the protein  constituents 
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copious water ingestion.  \Ve base our conclusion upon four distinct 
observations as  follows:  (I)  a  decreased excretion  of  feces;  (2)  a 
lowered  nitrogen  output  including  both  bacterial  and  non-bacterial 
nitrogen;  (3)  a  lower moisture  content  in  feces;  (4)  less bacteria 
in  feces;  (5)  increased  flow of  digestive  juices. 
If  we  wish  to  apply  a  correcting  factor  to  represent  the  fecal 
nitrogen  due  to  metabolic  products,  we  cannot  do  less  than  make 
the  factor  a  constant,  since  a  uniform  diet  was  used.  We  cannot 
conceive  of  the  metabolic  products  undergoing  any  pronounced 
variation  under  these conditions.  The  only time  that  the  diet was 
at  all  modified  was  during  the  water  period,  at  which  time  three 
liters of water were added to the daily diet.  As to the influence of 
this  unknown  factor  the  experiments  of  Foster  and  Lambert  pre- 
viously mentioned  have  enlightened  us.  The  water  causes  a  pro- 
nounced  stinmlation  of  the  gastric  secretion  resulting  in  the  out- 
pouring  of  an  excess  of  gastric  juice.  This  factor  is  directly 
responsible  for  an  increased  output  of  pancreatic  juice,  thus 
directly contributing  to the  feces an unusually high  quota  of meta- 
bolic  products.  Therefore,  even  if  conditions  surrounding  the 
digestion and absorption of the ingested protein were identical  from 
day  to  day  throughout  the  experiment,  with  the  exception  of  the 
water  period,  and  if  during  this  period  a  more  copious  supply  of 
metabolic products were passed on to the  feces we would expect the 
percentage  of  non-bacterial  nitrogen  to  increase.  When  we  ex- 
amine the data, however, we note that during the preliminary period 
the  feces  contained  57.I  per  cent.  of  non-bacterial  nitrogen  as 
against  5o.9  per  cent.  of  this  form  of  nitrogen  for  the  water 
period. 
What apparently took place during the water period, as far as the 
digestive  mechanism  was  concerned  was  that  the  entrance  of  the 
large amount of water into the stomach stimulated the flow of gas- 
tric  juice thus  facilitating  the  digestion  of the  protein  constituents 
of  the  diet.  The  strongly  acid  chyme  passing  into  the  intestine 
caused  a  pronounced  stimulation  of the  pancreatic  secretion.  The 
products  of  gastric  digestion  were  consequently  more  rapidly  and 
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through  the  intestine  wails so stimulated  the absorption  mechanism 
that  the  products  of  intestinal  digestion  were  absorbed  with  in- 
creased  rapidity  and  thoroughness.  The  intestinal  bacteria,  there- 
fore,  found  less pabulum  at  hand,  and  in consequence  these  micro- 
organisms  were less well nourished  than  usual,  a  fact demonstrated 
by a  decrease  in  the  output  of  bacteria  and  of  bacterial  nitrogen. 
The effect of this  stimulated  digestion,  absorption  and  assimilation, 
was  noted  at  once  in the  increased  body weight  of  the  subject. 
We  realize  that  our experiment  includes  data  collected  from  but 
a  single  individual  and  that  the general  application  of the principle 
can  only be shown by further  tests upon other  individuals.  Other 
experiments  are  now  under  way  along  these  lines.  In  the  mean- 
time,  we  shall  consider  the  current  statements  regarding  the  ex- 
ceedingly  harmful  influence  of  water  drinking  with  meals  as  mis- 
leading. 
CONCLUSIONS. 
The  daily  drinking  of  three  liters  of  water  ze,ith meals,  for  a 
period of five days, by a  man twenty-two years  of age  who was  in 
a  condition  of  nitrogen  equilibrium  through  the  ingestion  of  a 
uniform  diet,  was productive  of  the  following findings: 
I.  An  increase  in  body weight,  aggregating  two  pounds  in  five 
days. 
2.  An  increased  excretion  of urinary  nitrogen,  the  excess  nitro- 
gen  being  mainly  in  the  form  of  urea,  ammonia,  and  creatine. 
3.  A  decreased excretion of creatinine  and  the coincident appear- 
ance  of  creatine  in  the  urine.  The  decreased  creatinine  output  is 
believed to indicate  that  the  copious water drinking  has  stimulated 
protein  catabolism.  The  appearance  of creatine  is  considered  evi- 
dence  that  the  water  has  caused  a  partial  muscular  disintegration 
resulting in the release of creatine, but not profound enough to yield 
the  total  nitrogen  content  of  the  muscle.  The  output  of  creatine 
is, therefore, out of all proportion to the increase in the excretion of 
total nitrogen. 
4.  An increased  output of ammonia  which  is  interpreted  as indi- 
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5-  A  decreased  excretion  of  feces and  of  fecal nitrogen,  the  de- 
crease  in the  excretion of  fecal nitrogen  being of sufficient magni- 
tude  to  secure  a  lowered  excretion  of  both  the  bacterial  and  the 
non-bacterial  nitrogen. 
6.  A  decrease in the  quantity  of bacteria  excreted  daily. 
7-  An  increase  in  the  percentage  of  total  nitrogen  appearing 
as bacterial nitrogen. 
8. A  lower creatinine  coefficient. 
9.  A  more  economical  utilization  of  the  protein  constituents  of 
the  diet. 
io.  The  general  conclusion  to  be  reached  as  the  result  of  this 
experiment  is to the  effect that  the  drinking  of a  large  amount  of 
water with meals was attended  by many desirable and  by no unde- 
sirable  features. 
TABLE  I. 
Urine  Volume  and  Nitrogen  Partition. 
Date,  ]Day of I  Urine  Ammonia-  Creatinine-  Creatine-  expert-  Nitrogen.  Urea-nitrogen.  .  19°9"  ment.  volume.  ,  mtrogen,  nitrogen,  nitrogen. 
Preliminary period. 
March. 
6 
7 
8 
c.c. 
83o 
920 
880 
grams. 
I2.987 
13.o84 
I3. I83 
grams,  grams. 
II.338  0.288 
II.476  0.305 
II.568  0.369 
grams,  grams. 
0.629 
o.6i 9 
0.65I 
Water period. 
9  7  344o  14.161  I2.596  o.486  o.61o  o.o63 
lO  8  384  °  13.491  I1.583  0.499  o.616  o.o24 
II  9  367  °  12.981  II.212  0.553  0.589  O.  lO2 
12  IO  12.976  11.455  361o  0.485  o.6o8  o.o55 
13  II  4020  I3.138  11.879  0.456  0.589  o. t28 
Final period. 
14 
15 
i6 
I7 
18 
19 
20 
2I 
I2  1590 
13  885 
14  1025 
15  890 
16  830 
17  870 
I8  930 
I9  148o 
11.823 
II.836 
12.925 
11.946 
I2.Ol 7 
13.o3o 
12.9o5 
I3.16o 
lo.357 
1o. I98 
11.169 
Io.299 
1o.374 
1o.835 
11.293 
11.452 
o.4o  5 
0.422 
0.369 
0.374 
o.333 
o. 344 
0.325 
o.399 
o. 602 
0.639 
0.586 
0.642 
0.6=  9 
o 659 
0.627 
o.64 t 
o.o4I 
0.015 
0.035 408  St~,dhs  o~  1Valet  DrMki~(I. 
TABLE  II. 
Percentage  of  Total  Nitrogen  in  the  Form  of  Urea,  Ammonia,  Creatinine. 
and  Creatine 
~i  (  --  i  ....... 
Date,  I9o  9.  Day of  . l otal  ]  Urea.  I  Ammonia.  Creatinlne.  Creatine. 
I expertment. ]  lntrogen.  .  ! 
Preliminary period. 
March 6  4  !  IOO  87.46  2.22  4.84  i 
7  ~  I00  87.71  2.33  4.73  ] 
8  ,  IO0  87"75  I  2.80  4'83  l 
Water period. 
9  7  i  lOO  i  88.95  3.43 
IO  8  ]  IOO  i  85"86  3"70 
xi  9  i  IO0  I  86.37  4.26 
I2  IO  IOO  I  88.49  3.74 
13  It  IO0  I  90.44  3-47 
Final period. 
m 
m 
4.31  !  0.44 
4.57  i  o  I8 
4.54  0.79 
4.69  i  0.42 
4.48  I  0.97 
14  12  I00 
15  13  Ioo 
16  14  1oo 
17  15  I00 
18  16  IOO 
I9  I7  I  IOO 
20  i  18  I  IOO 
21  19  IO0 
87.60 
86.16 
86.41 
86.23 
86.33 
83. i6 
87.51 
87.02 
3.43 
3.57 
2.85 
3.13 
2.77 
2.64 
2.52 
3.03 
5'I0  i  0'35 
5'40  i  o. 13 
4.53  :  0.27 
5.37  i  -- 
5.23  i  __ 
5.58  ~  _ 
4.86  ! 
4.87 
TABLE  III. 
Increased  Nitrogen  Excretion  of  the  First  Day  of  the  Water Period  as  Com- 
pared  with  the  Average  Excretion  of  the  Last  Two  Days  of  the 
Preliminary  Period. 
Determination. 
Increase  in grams 
Percentage increase 
Percentage  increase as compared to 
tbe  increase in total nitrogen 
Total  [  U ....  ]A ....  ia. 
I  Nitrogen.  I 
1.o27  I  1.o74  o. 149 
7.82  !  9.32  44.21 
1oo.o  !Io4.57  14.52 
Creatinine. 
0.025 
--3.94 
--2.43 
Creatine. 
.063 
6. I3 
TABLE  IV. 
Average  Daily  Increase  in  the  Nitrogen  Excretion  of  the  Entire  Water Period 
as  Compared  with  the  Last  Two  Days  of  the  Preliminary  Period. 
Determination.  Total  Urea.  Ammonia.  Creatinine.  Creatine. 
Nitrogen. 
Increase in grams  o.215  o.223  o. 159  --  0.033  0.074 
Percentage  increase  1.64  1.94  47.18  --  5.2o  -- 
Percentage increase as compared  to  IOO.O  IO3.72  73-95  --15.35  34.42 
the increase of  total nitrogen C.  C.  Fowler  and  P.  B.  Hawk.  409 
TABLE  V. 
l~Veight and  Nitrogen  Content  of Feces. 
Fresh  feces. 
Period,  ~  "~ 
days.  grams, 
Preliminary  6  63o. I 
Water  ,  5  37  o. x 
Final  8  783.9 
Dry feces. 
""  Nitrogen.  •  I  ~  [  Nitrogen. 
m  8-5  a 
.~  ~  ,g  ~  -~ ~  .~,~ 
grams,  percent.' grams. I grams,  grams,  gr 
xo5.o  78.1 !8.147  1.358  138.o  23.0'  8. I47"  1.358 
74.o  76.3  4.867  0.973  87.6  ~7.5  4.867  0.973 
98.0  79 .2  [ 8.344  I Lo43  x63.  I  t  20.4  I 8-344  I X.O43 
TABLE  VI. 
Nitrogen  Balance. 
Period. 
Preliminary 
Water 
Final 
Last  day  of 
final 
Length 
of 
period. 
days. 
2 
5 
8 
Nitrogen. 
Income.  Outgo.  I 
.....  [  Gain or loss. 
Food.  Urine.  Feces.  ] 
grams,  grams,  grams,  grams. 
29.308  26.267  2.716  +o.325 
73.27 °  66.747  4.867  +I.656 
I 17.23z  99.642  8.344  +9.246 
~4.654  x3.16o  1.o43  +o.45 x 
Average gain 
or loss per day. 
grams. 
+o. x63 
+o.33I 
-~I.I56 
-I-o.451 
TABLE  VII. 
Creatinine CoeJficient. 
Period.  Creatinine, milligrams. 
Preliminary  6 3 I.O 
Water  I  6o2. o 
Final  ~  620. o 
Last day of final period  [  641.o 
Body-weight, kilos,  Creatini .....  fficient. 
70.96  8.89 
71.96  ]  8.3 6 
72.17  8.7 ° 
7 2.2I  I  8.88 
TABLE  VIII. 
Fecal  Bacteria  and  Nitrogen. 
Fecal bacteria.  Fecal nitrogen. 
Period.  ! 
Preliminary 
Water 
Final 
Weight. 
grams per 
day. 
5.327 
4.579 
3.28o 
Per cent. of  Nitrogen.  Total 
dry feces,  weight. 
grams 
per cent,  per da~. 
2o.88  xo.97  1.35~ 
24.37  Io.4o  0.973 
21.23  II.54  Lo43 
Bacterial.  Non-bacterlal. 
I  Weight.  i Per cent.  Weight.  Per cent, 
grams, 
0.584 
o.476 
0.378 
f 
grams. 
42.9  o.774  57.1 
49. I  o.497  5o. 9 
36.2  o.665  63.8 410  Stt~dics  o~  Water  Drinkb,g. 
TABLE  IX. 
Body  Weights,  Volume  and  Specific  Gravity  of  Urine. 
]~RELLM  INARY  PERIOD. 
=7=:±  .  7  ~  :  :"  =  ~  :  5=  ±=7::  2:  :i  =  L  ~:  ±===  =  :5 
!  I  Urine. 
,  Date,  19o  9.  [  Day of  Body-weight. 
Exper ment.'  Volume.  [  Specific  gravity, 
--March  3---'  i  ........  kilos  !  ...........  71-69  I,O24 
4  J  2  70.82  i.o3o 
"  5  r  3  70.23  1.o3o 
"  6  i  4  70.63  I  1"°3° 
"  7  i  65  71'°9  I  1.o275 
"  8  71.11  1.O28 
WATER  PERIOD. 
March  9  7  71.42  1.oo8 
"  IO  8  71.94  1.oo6 
'~  II  9  72.0o  I.OO7 
"  t2  IO  72.26  l.OO75 
"  13  I I  72.18  ,]  I .OO  7 
FINAL PERIOD. 
March I4 
,,  15 
"  I6 
,.  17 
"  I8 
,,  19 
~  2o 
~'  2I 
I2 
I3 
14 
15 
16 
17 
18 
I9 
72.17 
72.06 
72.21 
72.24 
72.15 
72.11 
72.29 
72.21 
I.OI6 
1.025 
1.025 
1.026 
1.027 
1.027 
1.0265 
1.020 